ABSTRACT: The objective of this experiment was to test the hypothesis that the reduced carcass fat quality that is often observed in pigs fed diets containing distillers dried grains with solubles (DDGS) may be ameliorated if corn germ, beef tallow, palm kernel oil, or glycerol is added to diets fed during the fi nishing period. A total of 36 barrows and 36 gilts (initial BW 43.7 ± 2.0 kg) were individually housed and randomly allotted to 1 of 6 dietary treatments in a 2 × 6 factorial arrangement, with gender and diet as main factors. Each dietary treatment had 12 replicate pigs. A corn-soybean meal control diet and a diet containing corn, soybean meal, and 30% DDGS were formulated. Four additional diets were formulated by adding 15% corn germ, 3% beef tallow, 3% palm kernel oil, or 5% glycerol to the DDGS-containing diet. Growth performance, carcass characteristics, and LM quality were determined, and backfat and belly fat samples were collected for fatty acid analysis. There was no gender × diet interaction for any of the response variables measured. For the entire fi nisher period (d 0 to 88), diet had no effect on ADG, but pigs fed 3% palm kernel oil tended (P < 0.10) to have less ADFI and greater G:F than pigs fed the control diet. Barrows had greater (P < 0.01) ADG and ADFI, and less (P < 0.001) G:F than gilts. Pigs fed the DDGS diet had reduced (P < 0.05) loin eye area compared with pigs fed the control diet, but diet had no effect on other carcass characteristics. Barrows had greater (P < 0.001) fi nal BW at the end of both phases, greater (P < 0.001) HCW and backfat thickness, and tended (P = 0.10) to have greater dressing percentage, but less (P < 0.001) fat-free lean percentage than gilts. Backfat of pigs fed the 5 DDGS-containing diets had less (P < 0.05) L* values than pigs fed the control diet and backfat of gilts had greater (P < 0.001) a* and b* values than barrows. Pigs fed the control diet had greater (P < 0.05) belly fl op distance compared with pigs fed the 5 DDGS-containing diets, but no differences were observed among pigs fed the diets containing DDGS. Barrows had heavier (P < 0.001) bellies and greater (P < 0.001) belly fl op distances than gilts. Diet had no effect on carcass fat iodine value (IV), but gilts tended (P = 0.07) to have greater backfat IV and greater (P = 0.05) belly fat IV than barrows. In conclusion, the hypothesis that carcass fat quality of pigs fed diets containing DDGS can be improved by inclusion of corn germ, beef tallow, palm kernel oil, or glycerol in fi nishing diets could not be confi rmed.
INTRODUCTION
Distillers dried grains with solubles (DDGS) contains high amounts of PUFA, especially linoleic acid (Stein and Shurson, 2009; Xu et al., 2010) , which may suppress de novo lipid synthesis by promoting deposition of dietary fatty acids in adipose tissue (Clarke et al., 1990; Madsen et al., 1992) . Therefore, feeding DDGS-based diets may increase deposition of PUFA in backfat and bellies, which results in increased fat iodine values (IV) and reduced belly fat fi rmness in fi nishing pigs (Whitney et al., 2006; Widmer et al., 2008; Benz et al., 2010) . Pork produced from pigs fed diets containing unsaturated fatty acids may have reduced shelf life and increased susceptibility to oxidative damage (NPPC, 1999; Sheard et al., 2000; Averette Gatlin et al., 2002) .
Addition of corn germ to a corn-soybean meal diet resulted in reduced belly fat IV (Widmer et al., 2008) , but the mechanism behind this observation has not been elucidated. It is also possible that the increase in pork fat IV that is caused by PUFA in the diets may be prevented if saturated fats, such as beef tallow or palm kernel oil, are added to the diet (Averette Gatlin et al., 2002; Teye et al., 2006) . Likewise, inclusion of glycerol in diets fed to growing pigs may reduce IV in muscle fat and backfat (Mourot et al., 1994) , and carcass fat fi rmness is improved if glycerol is fed before slaughter (Schieck et al., 2010) . To the best of our knowledge, this hypothesis has not been tested in diets containing 30% DDGS. Because inclusion of corn germ, tallow, palm kernel oil, and glycerol has been reported to improve carcass fat fi rmness in pigs fed diets containing no DDGS, we hypothesized that the increase in IV of backfat and belly fat that is often observed in pigs fed diets containing DDGS can be prevented by supplementing DDGS-based diets with corn germ, beef tallow, palm kernel oil, or glycerol.
MATERIALS AND METHODS
The protocol for the experiment was reviewed and approved by the Institutional Animal Care and Use Committee at the University of Illinois. Pigs used in the experiment were the offspring of G-performer boars mated to F-25 females (Genetiporc, Alexandria, MN).
Animals, Housing, Experimental Design, and Diets
A total of 36 barrows and 36 gilts with an initial BW of 43.7 ± 2.0 kg were used in the experiment. Pigs had been fed a corn-soybean meal-based diet without added fat before the start of the experiment. All pigs were housed individually in pens (0.9 × 1.8 m) with fully slatted concrete fl oors. A feeder and nipple drinker were installed in each pen. Pigs were allowed ad libitum access to feed and water throughout the experiment. The Experimental Animal Allotment Program (Kim and Lindemann, 2007) was used to randomly block pigs, based on BW to 1 of 6 dietary treatments in a 2 × 6 factorial arrangement with sex (barrows and gilts) and diet as main factors. There were 12 replicate pigs per diet (6 barrows and 6 gilts). The 6 dietary treatments were: 1) corn-soybean meal-based control diet with no DDGS and no added fat; 2) control diet with 30% DDGS; 3) DDGS diet with 15% corn germ; 4) DDGS diet with 3% beef tallow; 5) DDGS diet with 3% palm kernel oil; and 6) DDGS diet with 5% glycerol. The major ingredients used to formulate diets were corn, soybean meal, DDGS, corn germ, beef tallow, palm kernel oil, and glycerol (Tables 1 and 2 ). The inclusion rates for corn germ, beef tallow, and palm kernel oil were chosen to formulate diets that would contain a maximum of 7 to 8% fat to prevent poor fl owability. Experimental diets were fed in 2 phases. Early fi nisher diets (Table 3) were fed during the initial 42 d and late fi nisher diets (Table 4) were fed during the fi nal 46 d of the experiment. All diets were formulated to meet or exceed current estimates for nutrient requirements (NRC, 1998) .
Feeding and Growth Performance
The 72 pigs that were used in the experiment were divided into 2 blocks of 36 pigs and within each block, 3 barrows and 3 gilts were allotted to each diet. The 2 blocks were allotted to treatment diets with a 1-wk interval and pigs in each block were harvested 1 wk apart to maintain the same number of days on feed for all pigs. Pigs were weighed at the beginning of the experiment, on d 42, and at the conclusion of the experiment (d 88). Daily allotments of feed were recorded and feed left in the feeders was recorded on d 42 and at the conclusion of the experiment. Data for ADG, ADFI, and G:F were also calculated for each pig and summarized within each phase and overall for each sex and diet.
Slaughter and Carcass Evaluation
On the last day of the experiment, feed was removed from the feeders and the fi nal BW of each pig was recorded. After an overnight fast, pigs were transported to the Meat Science Laboratory at the University of Illinois, Urbana. Pigs were kept in the holding pens at the Meat Science Laboratory for 0 to 3 h before being slaughtered and were allowed free access to water during this time. The live BW of each pig was recorded just before slaughter. Pigs were killed by electrical stunning, lifted off the fl oor, and exsanguinated. After refl ex action had ended, pigs were scalded and washed. The HCW was then recorded and carcasses were chilled for 24 h. At 24 h postmortem, pH of the LM was measured at the 10th rib by a handheld pH star probe fi tted with a glass electrode (SFK Technologies Inc., Cedar Rapids, IA; 2-point calibration; pH 4 and 7). Backfat was measured perpendicular to the skin at the 10th rib (NPPC, 1991) . Loin eye area (LEA) was measured by tracing the outline of LM onto transparent paper and then measuring the area using a planimeter (Super Planix α Planimeter, Tamaya Technics Inc., Tokyo), and the average of the 2 measurements was reported as LEA for each carcass.
Subjective LM color scores on a scale from 1 to 6 (1 = pale pinkish gray to white, and 6 = dark purplish red) and LM marbling scores on a scale from 1 to 10 (1 = devoid and 10 = abundant) were determined (NPPC, 1999) . Subjective LM fi rmness scores on a scale from 1 to 5 (1 = very soft and watery, and 5 = very fi rm and dry) was also determined (NPPC, 1991) . Objective CIE L* (lightness), a* (redness), and b* (yellowness) values (CIE, 1978) of the loin muscle and fat obtained from the second layer were measured with a Minolta chromameter (CR-400; Minolta Camera Co., Osaka, Japan). A 2.5-cm chop was collected at the 10th rib from the loin muscle by removing the loin muscle from the left of the carcasses 24 h postmortem. The loin chop was placed in a plastic, Whirl-Pak bag and suspended from a fi sh hook for 24 h. Drip loss was calculated by comparing the fi nal and initial weights of the chop.
At 24 h postmortem, the belly of each pig was removed from the left side of the carcass and laid fl at on a stainless steel table at 2°C for 24 h. Belly length was then measured from the cranial to the caudal end of each belly, and belly width was measured from the dorsal to the ventral edge. A fl op test was performed by draping a centered belly lengthwise over a suspended, stainless steel rod with the skin side down. The distance from skin surface to skin surface was measured at a standardized point, 10 cm down from the stainless steel rod, for each belly (Leick et al., 2010) .
Chemical Analysis and Calculations
Corn, soybean meal, DDGS, corn germ, and all diets were analyzed for DM, by oven drying at 135°C for 2 h (Method 930.15; AOAC Int., 2007) , and dry ash (Method 942.05; AOAC Int., 2007) . Gross energy was determined using bomb calorimetry (Model 6300, Parr Instruments, Moline, IL). Benzoic acid was used as the standard for calibration. The CP in all samples was analyzed using a combustion procedure (Method 990.03; AOAC Int., 2007) . Aspartic acid was used as a calibration standard and CP was calculated as N × 6.25. The concentration of ether extract in the ingredients and diets was also analyzed (Method 2003.06; AOAC Int., 2007) using an automated analyzer (Soxtec 2050; FOSS North America, Eden Prairie, MN). Analyses of AA in diets and ingredients were conducted on a Hitachi Amino Acid Analyzer (Model L8800; Hitachi High Technologies America, Inc., Pleasanton, CA), using ninhydrin for postcolumn derivatization and norleucine as the internal standard [Method 982.30 E(a, b c); AOAC Int., 2007] . Acid detergent fi ber (Method 973.18; AOAC Int., 2007) and NDF (Holst, 1973) were analyzed in all diets.
Fatty acid analysis of ingredients, diets, belly fat, and backfat samples was conducted as described in detail (Averette-Gatlin et al., 2002; Meadus et al., 2010), using a Hewlett-Packard 5890 gas chromatograph (HewlettPackard, Avondale, PA). Briefl y, samples were placed in a glass tube and after the reagent had been added, samples were heated in a boiling water bath. Samples were then cooled and methyl alcohol and HCl were added to each tube. Samples were then placed in the boiling water bath for 10 min and after mixing and vortexing, the aqueous phase was discarded. Sodium hydroxide was added before samples were mixed and centrifuged, and the organic layer was moved to a clean vial and dried. Methyl esters were then redissolved using hexane. Iodine value of ingredients, diets, belly fat, and backfat were calculated using this equation (AOCS, 1998) 
Statistical Analyses
Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) as a 2 × 6 factorial arrangement with sex and diet as main factors. Pig was the experimental unit for all analyses. The model included sex, diet, and sex × diet interaction as fi xed effects, and block and replicate as random effects. However, interactions between sex and diet were not signifi cant for any response variables analyzed. Therefore, the interaction was removed from the fi nal model. Least squares means were calculated for each independent variable. When treatment effect was a signifi cant source of variation, the PDIFF option of SAS was used to separate means. Signifi cance and tendencies were considered at P ≤ 0.05 and P ≤ 0.10, respectively, for all analyses. 
RESULTS

Growth Performance
There were no differences in ADG among dietary treatments in either early or late fi nisher phases, or during the overall period (Table 5) . As a result, there were no differences in BW at the end of either phase. There were also no differences in ADFI among the dietary treatments during the early fi nisher phase, but ADFI of pigs fed the diet with 3% palm kernel oil was less (P < 0.05) than for pigs fed the control diet during the late fi nisher phase. Overall, there was a tendency (P = 0.06) for less ADFI for pigs fed the diet containing palm kernel oil compared with pigs fed the control diet. In the early fi nisher phase, there was also a tendency (P = 0.08) for pigs fed diets containing beef tallow or palm kernel oil to have greater G:F than pigs fed the diets containing DDGS or glycerol, but there were no differences in G:F in the late fi nisher phase. However, for the entire fi nisher period, there was a tendency (P = 0.10) for pigs fed the diet containing palm kernel oil to have greater G:F than pigs fed the control diet or the diet containing glycerol.
Barrows were heavier (P < 0.05) than gilts at the start of the experiment and at the end of both the early and late fi nisher phases. Barrows had greater ADG (P < 0.05) than gilts during the early fi nisher phase and the overall period, and ADFI was greater (P < 0.05) for barrows than for gilts in both phases and for the overall period. Gilts tended (P = 0.07) to have greater G:F during the early fi nisher phase and had greater (P < 0.05) G:F than barrows during the late fi nisher phase and the overall period.
Carcass Characteristics
Except for LEA, there were no differences in carcass characteristics among dietary treatments (Table 6 ). Loin eye area of pigs fed the control diet or the diet containing corn germ was greater (P < 0.05) than for pigs fed the diets containing DDGS or DDGS and palm kernel oil. Pigs fed the diets containing beef tallow or glycerol also had greater (P < 0.05) loin eye area than pigs fed the diet containing DDGS. Barrows had greater (P < 0.05) live BW, HCW, and backfat thickness, but less (P < 0.05) fat-free lean percentage than gilts. There was also a tendency (P = 0.10) for barrows to have greater dressing percentage than gilts, but no differences were observed in LEA between barrows and gilts.
Muscle Quality
Diet had no effect on subjective color, marbling, fi rmness, 24-h pH, 48-h drip loss, and objective color (L*, a*, b*) of LM. There were no differences in a* and b* values of backfat among dietary treatments, but the L* value of backfat from pigs fed the control diet was greater (P < 0.05) than for pigs fed the 5 DDGS-containing diets. Gilts had less (P < 0.05) marbling and reduced (P < 0.01) 24-h LM pH compared with barrows. Gilts had greater (P < 0.05) a* and b* values of backfat than barrows, but the L* value was not different between barrows and gilts. There were also no differences between barrows and gilts for the other LM quality characteristics.
Belly Quality
There were no differences in belly length, belly width, or belly weight among the dietary treatments (Table 7) . However, belly fl op distance was greater (P < 0.05) for pigs fed the control diet than for pigs fed the 5 DDGS-containing diets, but there were no differences in belly fl op distance among pigs fed the diets containing DDGS. Barrows had heavier (P < 0.001) bellies and greater (P < 0.001) belly fl op distance than gilts.
Carcass Fat Composition and Quality
Except for a tendency (P = 0.06) for greater concentration of gadoleic acid in backfat of pigs fed the corn germ diet than in pigs fed the control diet or the diet containing beef tallow, no differences were observed in the fatty acid composition of backfat among pigs on the different dietary treatments (Table 8) . As a result, there was no effect of dietary treatment on backfat IV.
Backfat of barrows contained more (P < 0.05) palmitic acid and palmitoleic acid than backfat of gilts, and there was a tendency (P = 0.07) for barrows to have a greater concentration of total SFA in backfat compared with gilts. In contrast, there was a tendency (P = 0.09) for gilts to have greater concentrations of linoleic acid and total PUFA in backfat than barrows.
There were no differences in the fatty acid composition of belly fat among pigs fed the 6 dietary treatments, except that the concentration of oleic acid was greater (P < 0.05) in belly fat from pigs fed the control diet than from pigs on other dietary treatments, except for pigs fed the diet containing beef tallow (Table 9 ). Pigs fed the diet containing beef tallow also had greater (P < 0.05) oleic acid concentration in belly fat than pigs fed the diets containing DDGS, corn germ, or glycerol. The concentration of total MUFA was greater (P < 0.05) in belly fat from pigs fed the control diet compared with pigs fed the diets containing DDGS or corn germ. Pigs fed the by guest on May 31, 2014 www.journalofanimalscience.org Downloaded from diet containing beef tallow also had greater (P < 0.05) total MUFA in belly fat than pigs fed the diet containing DDGS. However, there was no effect of dietary treatment on the IV of belly fat. Belly fat from barrows contained more (P < 0.05) palmitic acid but less (P < 0.05) α-linolenic acid than gilts; barrows tended (P = 0.07) to have a reduced PUFA:SFA ratio compared with gilts. Gilts tended (P = 0.07) to have greater backfat IV and greater (P = 0.05) belly fat IV than barrows.
DISCUSSION
Growth Performance
The concentration of Lys in DDGS used in this experiment was greater than the average for DDGS (Stein and Shurson, 2009 ). This resulted in a Lys:CP ratio of 3.58%, which is also greater than average DDGS, indicating that the DDGS used in this experiment had not been heat damaged (Kim et al., 2012) . The fact that pigs fed the DDGS-containing diets had ADG and G:F that was not different from that of pigs fed the control diet indicates that if a good quality DDGS is included in diets fed to pigs, growth performance is not compromised. This observation is in agreement with data from several previous experiments (Stein and Shurson, 2009) .
Inclusion of 10% corn germ in a corn-soybean meal diet fed to growing-fi nishing pigs does not affect growth performance (Widmer et al., 2008) and recently it was reported that up to 30% corn germ may be included in diets containing DDGS without changing pig growth performance (Lee et al., 2012) . Thus, results of this experiment indicating that the addition of 15% corn germ to a diet based on corn, soybean meal, and 30% DDGS does not change pig performance is in agreement with previous research.
Growth performance of pigs fed corn-soybean meal diets with 5% or 10% tallow is not different from that of pigs fed diets with no tallow (Apple et al., 2009; Realini et al., 2010) and results of the current experiment agree with these observations. Likewise, ADG of pigs fed corn-soybean meal diets containing 40% sorghum DDGS is not affected by the addition of tallow to the diet, but G:F is improved (Feoli et al., 2008a) . Data from this experiment also indicate that inclusion of 3% palm kernel oil in a corn-soybean meal-DDGS diet has no effect on growth performance of growing-fi nishing pigs. This observation is in agreement with data indicating that addition of 2.8% palm kernel oil to diets based on wheat, barley, and soybean meal does not affect pig growth performance (Teye et al., 2006) . Based on these data, it is evident that ADG and G:F of fi nishing pigs are not improved if 3% tallow or palm kernel oil is added to diets containing corn, soybean meal, and DDGS.
Inclusion of 8% glycerol in corn-soybean meal diets may improve ADG, ADFI, and G:F (Schieck et al., 2010 ), but we failed to confi rm this observation by adding 5% glycerol to the diet. It is possible that the reason for this difference is that in the present experiment, glycerol was included in a diet that also contained DDGS. Growth performance of pigs fed diets containing 5% glycerol and 20% DDGS is not different from that of pigs fed a control diet without glycerol (Duttlinger et al., 2012) , and the present results indicate that inclusion of 5% glycerol in a diet that contains 30% DDGS also has no impact on pig growth performance.
Carcass Characteristics
The observation that dressing percentage of pigs fed the DDGS-containing diets was not different from that of pigs fed the control diet is in agreement with results of some previous experiments (Drescher et al., 2008; Hill et al., 2008; Widmer et al., 2008) . However, in a review of 18 experiments, it was observed that in 8 of these experiments, dressing percentage was reduced as DDGS was included in the diet (Stein and Shurson, 2009 ). It is not clear why dressing percentage is sometimes reduced when DDGS is included in the diet but not in other cases.
The reduced LEA of pigs fed the diet containing DDGS compared with pigs fed the control diet is largely a result of the numerically reduced HCW for these pigs, because lean percentage was not affected by DDGS. This observation is also in agreement with results of most previous experiments (Stein and Shurson, 2009) . The lack of an effect of feeding glycerol on carcass characteristics of fi nishing pigs is consistent with published data (Kijora et al., 1997; Lammers et al., 2008; Schieck et al., 2010) .
Muscle Quality
The lack of an effect of DDGS on LM marbling, fi rmness, drip loss, and color indicates that addition of DDGS to corn-soybean meal diets does not affect LM quality. This observation is in agreement with previous data (Whitney et al., 2006; Widmer et al., 2008) . A reduction in a* and b* values of LM was reported when DDGS-containing diets were fed to pigs (Xu et al., 2010) , and LM b* values were reduced by including DDGS in the diet (Widmer et al., 2008) . There were, however, no changes in LM objective color scores in this experiment when DDGS was added to the diet. The fact that yellowness and redness of LM of pigs is not changed if diets are supplemented with DDGS, alone or in combination with tallow, palm kernel oil, corn germ, or glycerol, in- dicates that consumers would not be able to distinguish between loin chops from pigs fed DDGS-containing diets and chops from pigs fed corn-soybean meal diets.
The L* value of backfat is reduced when DDGS is added to a corn-soybean meal diet (Xu et al., 2010) and results of this experiment are in agreement with those of Xu et al. (2010) . Feeding DDGS to laying hens resulted in increased egg yolk color compared with eggs from hens fed a corn-soybean meal diet, which was explained by the greater concentration of xanthophylls in DDGS compared with corn and soybean meal (Masa'deh et al., 2011) . It was also concluded that xanthophylls in DDGS are highly available. It is, therefore, possible that backfat color in pigs fed DDGS-containing diets was affected by the increased level of xanthophylls in the DDGS diets, compared with the control diet. The lack of an effect of including corn germ, tallow, palm kernel oil, or glycerol to the DDGS-containing diet on L* values of backfat indicate that the darker color caused by DDGS is not changed by including other lipid sources or glycerol in the diet. It is, therefore, likely that it is the xanthophylls in DDGS that results in the darker backfat color in pigs.
Belly Quality
Belly fi rmness of pigs fed DDGS-containing diets is reduced compared with pigs fed corn-soybean meal diets with no DDGS (Whitney et al., 2006; Cromwell et al., 2011) . The increased belly fl op distance observed in this experiment is in agreement with this observation. As expected, the analyzed fatty acid composition of corn germ was similar to that in corn and DDGS, which may explain the lack of an effect of corn germ on belly fl op distance when added to a diet containing DDGS. It is, however, surprising that the dietary inclusion of beef tallow and palm kernel oil did not ameliorate the negative effect of DDGS on belly fl op distance. It was expected that addition of these fat sources to the diet would have resulted in deposition of more SFA in belly fat (Lizardo et al., 2002) , which theoretically should have improved belly fl op distance. However, inclusion of either 5% tallow or 5% palm oil to a corn-soybean meal diet containing 40% sorghum DDGS also failed to improve belly fi rmness of fi nishing pigs (Feoli et al., 2008a) , whereas pigs fed 5% coconut oil had belly fi rmness that was not different from that of pigs fed diets without DDGS (Feoli et al., 2008b) . Coconut oil contains ~90% SFA compared with 50% in both tallow and palm kernel oil. Therefore, the inclusion rate or fat source may infl uence the effects of dietary saturated fats in negating the effects of DDGS on belly fi rmness. Pigs fed 8% glycerol tended to have fi rmer bellies compared with pigs that were not fed glycerol (Schieck et al., 2010) , but results of this experiment indicate that 5% glycerol is not effective in improving belly fi rmness of pigs fed diets containing 30% DDGS.
Carcass Fat Quality
In most experiments, fat IV is increased as DDGS is included in the diet (Stein and Shurson, 2009) . Recent data indicate that carcass fat IV of pigs fed diets containing DDGS is increased, regardless of the fat depot that is analyzed (Benz et al., 2010; Xu et al., 2010) . However, due to large standard errors of the calculated values for IV, we were not able to detect signifi cant changes in IV values among treatments, although there were large numerical differences. The fact that pigs in this experiment were individually housed may have contributed to the relatively large SE that were observed. In addition, in the present experiment, IV values were calculated from the fatty acid composition of the fat depots, whereas IV values were directly measured in fat depots in some of the previous experiments. It is possible that this difference in the procedures used to determine IV values is the reason for the lack of an effect of DDGS on IV values in this experiment.
Belly fat IV was reduced in pigs fed a corn-soybean meal diet containing 10% corn germ compared with pigs fed corn-soybean meal diets or DDGS-containing diets (Widmer et al., 2008) . We hypothesized that this may be an effect of increased de novo synthesis of fatty acids in pigs fed diets containing corn germ due to increased energy intake. The fat depots in pigs refl ect a combination of de novo synthesized fatty acids and fatty acids originating from the diet (Lizardo et al., 2002) . Fatty acids synthesized de novo are usually more saturated than fatty acids originating from plant oils included in the diet and de novo fatty acid synthesis is increased if energy intake increases, as is refl ected in the more saturated fat depots in barrows, compared with gilts, even if the same diet is consumed. Therefore, there is not always a direct relationship between dietary fatty acid composition and fatty acid composition of fat depots in pigs, as was demonstrated in the experiment by Widmer et al. (2008) . However, results of the present experiment are not in agreement with the earlier observation. We were unable to verify an increased energy intake, and therefore deposition of more saturated fatty acids, in pigs fed the diet containing corn germ. The reason for this discrepancy is not clear, but IV of corn germ is similar to IV in DDGS and when corn germ is added to a diet that also contains DDGS, the concentration of total fat and PUFA increases to a level that is much greater than if corn germ is added to a corn-soybean meal diet without DDGS. As a consequence, if energy intake does not increase, more unsaturated fatty acids are deposited in the fat depots of pigs.
Jowl fat IV was unaffected when 5% tallow or 5% palm oil was added to a corn-soybean meal diet contain-ing 40% sorghum DDGS (Feoli et al., 2008a) . Results of the present experiment are in agreement with data reported by Feoli et al. (2008a) . The reason for this observation may be that inclusion of 30% DDGS results in addition of ~3% corn oil to the diets. This may have negated the potential positive effects of tallow or palm kernel oil on the fatty acid composition of carcass fat.
Inclusion of glycerol in diets may reduce the degree of unsaturation in backfat (Mourot et al., 1994) . However, this effect does not appear to impact fat deposition in pigs fed diets containing DDGS. The negative effects of DDGS on pork fat quality were also not ameliorated by the inclusion of 5% glycerol in a diet containing 20% DDGS (Duttlinger et al., 2012) .
Gender Effects
Typical growth and carcass trait differences between barrows and gilts were observed in this experiment. The softer bellies and greater carcass fat IV in gilts compared with barrows is also consistent with previous research (Averette-Gatlin et al., 2002; Correa et al., 2008; Benz et al., 2010) . Greater fat deposition increases the degree of saturation of carcass fat (Wood and Enser, 1982; Lo Fiego, 1996; De Smet et al., 2004) . As a result, IV increases as fat depth decreases (Barton-Gade, 1984) , which is likely the reason for the observed differences in carcass fat IV between gilts and barrows.
Conclusions
Inclusion of corn germ, beef tallow, palm kernel oil, or glycerol in DDGS-containing diets fed to fi nishing pigs did not improve carcass fat quality. It is possible that greater quantities of these ingredients are needed to improve fat quality, but this may result in formulation of diets that will be diffi cult to handle in commercial production units. Further research is, therefore, needed to identify alternative strategies to negate the negative effects of DDGS on carcass fat quality. Reduction in the inclusion rate of DDGS during the fi nishing phase or use of a source of DDGS with a reduced concentration of fat may also be strategies that potentially result in reduction of the negative effects of DDGS on carcass fat quality.
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